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REMARKS OH SPLCTRA OF STILBENE D.LIVATIVES

Joiin R, Platt
Departiient of Physics
- The Univorsity of Chicago
Chiicago 37, Illincis

ABSTRACT

Substitution effects on stilbene spectra arc predicted by
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first~order perturbation theory, The intensity increments in the
stroag first transition should be, and are, additive for different
substituentse The observed eflfects shcw that the transiticn is cere
teinly even=odd,
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Application of first=order perturbation theoryl to the spec-
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tra of stilbene derivatives as given by Beale and Roe? leads to some
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important conclusions, for an allowed even-odd transition .1 a cen-
trally s;rmietric molscule, sucl: as the longest-wavelengtiy traansition
in ftrans-suilbene, tne cscillator strength is the squere of a transi-

ticn nonent vector, 3.3 A siall perturbation by a substituunt, a, at
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a narticular position introduces an additional perturbation vector,
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. The total intensity becomes the square of the vector swi, H +-gh.
If there 13 an angle; 62, between the vectors, the oscillatcr strength

in suitavble wunits is
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and the increment is
Af = 2Mm_ cos &
a a

ir m, 18 relatively small,
For two substituents at oprosite positions, the nerturbation
vectors will be parallel, and tie intensity increments will add linearly.
(FPor an even~even transition, they would subtract. For a forbidden
even-odd, where M is zero, the »erturbation vectors would add linearly,

but the intensity increments would go up as the square of the vector

sum-_“) TFor two substituents at any positions; the total intensity in=-
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craeaent will be approximately the sum of the independent increments, in
this firste—order theory, as long as Ea and 5% are small coupared to M.
Examination of Beale and Roe's f-values in the light of these
remarlis lcads to the following conclusions,
1) The longest-wavolength smglet-srxglet transition in trans-
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stilbene is necessarily even-odd (1n agreement with all theoretical

predictions and with the high intensity). Reason: the 4=ucthylstile-
bene 1ntensity is greater than that of stilbene; and the 4,4t~dimethyl

intenélt;; 18 greater still (in arithmetic progression), and not less,

2) The 11(033)2 perturbetion is larger than the methyl (as noted

by Ceale and Roe) and in addition it has the same sign. FReason: the

4,4! increments for these substituents add, and do not subtract. The
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samne rcsult has been found” for these substituents as they allect the
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benzene 2600 A. bands; but the N(CHI:S)2 group had a relatively larger

effeot there,

3) The angle # for position 3 is alnost 90°., Reason: a methyl

group in thils position produces little change in intensity.

The effect of substituents in the 2-nositions, whiol: probably
produce steric hindrance, may be treated by the same wertwrbation the-
ory, a3z long as the changes in intensity are relatively sm2ll, FHowever,
the perturbation vectors in this case are no louger necessarily co-
planar with the perturbation vecitors produced by substituents at othner
positions.

These general theoretical conclusions suwndort and validate
Beale and fioce!s important exper:mental demonstratien that in a strong

transition the intensity incroments from substituents in particular

positions are additive.

Independent determination of Ea and.C% at particuvlar positims

does not seem feasible for strong transitions (though i1t saix be done

for forbidden transitionss). IT we assune ga constant for o given sub~
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J» Ra Platt, "Electronic Structure and ixcitation of Folyenes and

Pornhyrinsi, Che 4 of Vol. III of Radiation Biology, ed. by 8. Hen-

dricks, McGraw-Hill (Jew York: 1951).
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«risuent at all positions, fi can be approxinmately deteraincd from the
intensity increments except for an ambiguity of aign-
I an indebted to Drs. Peale and Roe for saowing rie Thelr mam-

script in advance of publication,
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